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Re: ANSYS Inc., _Reque~l for Waiver of 47 C.F.R. Ii 1.1307(b)(2)

Dear M•. Dortch'

PursuanT 10 S""'Tions 1.3 and 1.925 oflheCommisslon', Ruk~. 47 CF.R. §§ U, 1.925, ~,i;; isa
reque<l on behalf of Amiy" Inc., for a weiver of Seclion 1,1 J07(b)(2) "r Ihe c<:""mi;;;;J<l1l '., Rules, ~ 7
C.F.R. § I IJ07(b)(2), 10 permit rouline environnlental evaluation of m~dkal implant or body-wonl
equipm~l11 "~lhor;:r.ed fN us.e III lhe Medical Device Radiocommuni~.li"n S""" ice (~kd Radio) by finile
elemenl mel hod (FEM) compulaliol1al modelillg.

Bad'{N,,,,,d ANSYS develops ~nd globally markels en~meefing simulation SQI'tw~~ and
reChllol(lg.k;; for UI. by enll.ine.:", de,igners, re.o;earchers and ;;l~deIlIS acroSS a broad spectrum ~f

indw;lne• .md academia. FClun,kd ill 1970 and headquartered in Canonsburg, PA, the company cummly
employ;; ",!'f't lh~n 1,600 people and il dislribules il. prod~~I' in over 40 oounlrics. ANSYS has ~""n Ihe
pioneer lor finile element modeling. II,s lh. developer of High Frequency Struclure Simulalor ("HFSS"").
a FEM-ba..,,d software 1001 for .i'llUlal ion \~,illg.

C"",,nlly, Seclioll L1307(b)(2) oflhe Cc>mmi"ion'. rules restricts routine ellvironmenlal
evalualion for RF exposure ofequipmenl lnw'lmilting in lhe MedRadio Service 10 actuallaboratol')-'
m~ft:iUrement lechniques Or finile differene. tim~ domain \"fOTO") computational modeling, The effecl
"I' this rule is to prohibir relienee On HFSS J. an acuplOble computalional modeling 1001 for MedRadio
equipment aUlhoriLlltion, 10 lhe economic dl."lrimcnl of ANSYS. ANSYS believes lhe COlllllll~.ion', rule
i, urlJuly and unnceessarily resl.riclive, silloe I'EM is capable of .,imula'ing fundall'enl..1physic. identical
10 Thai of I'OTD, while operaring on a dlfferenllechnological ba,is.

Th~ amendment of S"",tion 1. 1307(b)(2) [0 require roUtillC enviJOnmenlal evalualion of medical
implanllr"'l>mitter, by means of eilh., labornlOl)' measurement or FDTD "",nlputallOOJI modding
oceu""d in 1999 ",ith lhe e'tablishmenl ofdIe Medieallmplanl Commuillcalion. So ..... ice (~1JCSl. I" floe
Marie, ojAmendmCffr ofPart,' 2 and 95 ofII~ CommisS;Oll 's Rule. 10 E.i1abl;~" a Medic<J/ll/lplanl
Conmllll1icatiofl.' Say;', irlll", 402-~()5 MHz Band, Report and Order, FL"l~ 99-:>63, .el"""cd November
29, 1999 ("MICS O'dr,""),' 12. [n il.lldopling order, lhe Conlmission altribmed its dto<:ision lJJ ,equ,re
cv~lu~rion for Rf e~po,uf. prior 10 M[CS equipmenl aurhorizalion 10 ~ joinL ex parle filing by Medtrou;c.
Inc. and Dr. William ScanlClIl Clr lhe Universily of Ulsler. The orner included no di.lCu.slon of whelher
evaluation should bc resLricled 10 Labol1l10l)' measurement or whe'het simulation modeling would be
pennitted or, if modeling were 10 be penllirted, whel modeling l"",hn"l"gies could be uliliud.
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Eum;nation of the June 18, 1999 ex pam filing, a copy of which is atlaeh~ tQ thi. request as
Ana,hmenl A, rhcals the inclusion ofpropo~ amending language for borh Sections J. \307(bJ(~J anJ
9S.603(1) of the Comm;i6ion's Rules. The ex pdrte proposal for amending Section 1.J307IbX2) included
the requirement, ultin,atrll' ,dopted by the Commission, for the use ofeither laboratory measuremem or
FDTD modeling, although the jOint presenL3.IOn offered no discussion regarding the em""cy of Ihis
modeling technique. The e. p"rtr filing further proposed that Section 95 .603(f) of the Commission',
Rules be amended 10 include the foll(>....'ng' "Medical implant transmitters (as defined in Appendi>. 1 11>

Subpart E of Part 95 of thie chapler) are SUbj<:CtlO die radiofrequency radiation exp",ure requirements
specified in §§ 1.1307 and 2.1 09J of lhi. chapler, as appropriate. Appliealions for equipment
authorization ofdevices operating under lhi, ,eel ion must ronmin a tinite difference lime domain (FDTD)
computational modeling report showing compliance witl', these provision, fQ' fund8mentel emissions."
The Commission adopted thi, proposal, as well, in its MICS Or'de' a, pan of lh~n-Section95 ,603(g) or its
Rule~. Signi IIcanlly, in adopting both of the.., rule change., Ihe Coltllni.. ioll olfcred nO analysis or
evaluation of why f DTD merited its regulatory imprimatur for en"Jrnnm~mal evaluatiOlt purposes,

In March 20l)i;l, Ii", Comm i~~ion r~'Placed and super,eded MICS wi th it, new MedRadio Service,
which elliarged the o~tti(lllal spectrum for the new service by twD Megahertz. 1" 111£ Malle, of
AmenJ",pm fJl ['ans } J1Id ~5 fJj /he CfJmmis.'ifJlI 'I' Rules 10 E5/rlbli5h tile MeJical Device
RodiowmmourictJI;m, Servj,;~ at 401"402 and 405-406 MHt, Repon ~lld Order, FCC 09"2"3. ",leased
March 20, 2009 ("MedRQJ;o /Jr'der"). Former Section 95.60~(gJ of the Commission', Rule.' w~s
replaced wilh lhe cu""nr version of95.603(1) of Ihe Rule" which requires 3imply that all Medll.odiQ
transmitters: require <;Cf\iflc~tion in order to be marketed in lhe United Slllte~, bUI it relegated Ihe
STandard, for how certitication would eclually be acwmpl i~hed 10 other sections of the Rules, U,,,,"cby
eliminating the reference in that Rule It> FDTD. Section I. I307(b)(2) was rewined malerially in the fDn"
it had existed ~ince issuance of Ihe MlCS Or'der, wilh Ihe e.~ceplion that the reference to MICS ""as
repbeed by one to MedRadio. In the MrdRPdiv Ord~" the Commission acknowledged Medtr"nic'l
request that unspecified "other techniques' lbey"nd Ihe tinit" difference time domain (FDTD) lochnique
c iled in the existing rules) "rould be uoed rp, equipmcnt authoriUltion and RF exposure evalualion
purpose," However, it concluded thai in~"Jlieienl nor ice had been provided ror consideration oflhis
que"ion, and deferred the question to anolher proceeding which ~ deemed "bett<:r "litrd'" t<J addre•• RF
c~p<J,ure issues in a more comprehensive wntrxt. MedRadio Ol'der, '\'1167-68.

Request for Waiver. Against thi, background, ANSYS submits thnt the COlllmissi<Jn 's curroltt
endorscmenl in its roles Qf fDTD as an acceptable m<Jdeling technique for Rf eXp<),ure "\"tluation
purposes to the exclusion ofother modeiing technique, is ba,ed on a deficient adrninim," iv" recon:J.
ANSYS has conducted a litenllll~ search whieh presents scientitic evidence Ihat FEM is ,,~<:ognized and
utilized in the indllslT)' .~ a sinlUlati<Jtl modeling trchnique ofequal meril and eredibili"" to FDTD. The
result< of ANSYS' invc,tigalion are submitted in support ofthi, waiver request as Attachment B, This
a!lachment inch,d•• ,1 "ummary .~planation of how each s:cientific article presented supports ANSYS'
position that FEM m.'; IS ",",ogniliOll by the Commission as a simulalion tool comparable in effectivcne~,

IO FDTD. FEM i. capable of simulating fWldamental physics identical to that of FDTD while operatin~

On a different bul equally valid technologicai !:mi.,.
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III Ihi~ conneclion, il i~ tD be nm"'" that both FOTO alld FEM are currently under review by the
IEEE Inlernalional Comm;n<>t for EI"C[m'nagnctie Safely (lCES) Teohnioal Committee (TC) 34
Subcommil1ee (SC) 2. In Ihis subcommil1ee, rep",;;enlative~ of the Commission, Ihe FDA, mlertlJtionul
agencies, wireless handset manufucturer6 and 3Ol1w8'" manu faccure", are establishing Recommended
Praclkes for lhe evaluation ofelectromagnetic safely from wireless communication device, b." meanl o(
FOTO and fEM. The droft Recommended Pmclice. (or bOlh "rlhese techniques have yet 10 be submilled
10 Ihe IEEE Standard' Conlll,itlec for oon9ideralie>n. Therefore, as of Ihi. lime, neither of these
lechnjque~ hM n:ceiv"'" formal acceptance by Ihe indu~tl)' standMlis-setl.ing body, and canllol be
differentialed from ,me an"lher On Ihat basis.

The current di'linclion in the Rule !:>elvieen fOTD and fEM is not t<:chnologicall" defen9ible,
The Commi~~ioll might ultimuwly wilh to con~ider a mle chauge to amend Seclion I lJ07(b)(2) 10
permir, the use of .imulalion n,"""ling on a m"re generic basis, In Ihe meanl;me, howe"er, ANSYS is
su Ifering a eompelilive disad"anlage in lhe markelplace ill il~ efforts to wmme",ialin: HFSS for
M""'Radio application~ due I" Ihc Rule', currenl re.triclive lext. II would 1101 be fair, and jhould be
unneC<l.l!lary, for ANSYS 10 h.ve 10 wail for lhe Commission 10 launch and conduct an entire rulemaking
prcocess ill order 10 have its techn<>I"g)' recogni2ed "n all equal regulatory fOOling wilh fOrO. More
ex?ediliou. relief could be made avoilable were Ihe Commission in.tud to graut ANSYS a waher uf
Seclion 1.1307(b)(2) 10 permil FEM m""elius techr,iques to be employ"'" for RF exposure evaluation
equally with both fOlD and laboratory measureme"t

Secri,m l.3 Mlhe Rules, 47 C.f.R, § 1.3, permil, Ihe C"mmi,s;on to waive a rule "for good cau~c

shown." S", lion i ,92)(b)(3) oflhe Rule~, 47 C.f ,R § 1.925(b)/31. ~pecifie. thaI the Commission may
groul a r~uesl for waiver if it is shown that

(i) The underlying purpose oflhe rule(s) would nOt be served or would be tl-u.t",ted by
applicalion 10 the inslllnt c3~e,;urd Ihat a gr:lIll oflhe reque,led waiver would be in lhe
public inlere.l; or

(ii) In view of unique or unu,ual fadual cirellrnSlances oflhe inst.,,1 ca<e, aj)pi>:ation of
the rule(s) would be ineq"il.lble, undul", bUrdellSome Or contrary to Ihc public intere.l, or
the appliC:lIll has no reasonable altemarive,

I" Ihe pre~ent ca9C, good canse exist. for Ihe ('on""i... ion to gram Ihe waiver requested b)'
ANSYS, WId both the '\andards oullin"'" in SecliOll 1.923 ofthc Rule~ are mel. As the Commissi,'n
explain"'" in it> MICS Qrd.Jr, the anlendmelll of Section I. i307(bj(~) ",as undertaJren 10 require
evalualion pri,>r 10 equipment aUlhorization in order to ~afeg"ardagainst excessive humall exposure II) RF
emissions . ."fICS Or.J~r, ~~ 11-12. By pennitling an equally valid m,'deling technique 10 be used in
competilion ID "OTO, the Commission will expand the .vailability of engineering testing method,>logie,
for medical deviot mllJlufacrurers, thereby enabling tbem 10 neg<>liate for lower Cosis in their developmenl
Strewns which will ulrimately benefit their end user., III Ihis manner, the reque.t"'" waiver will advallce
bolh Ihe purpose of the rule alld lite public inwre.L In addition, Ihe waiver will ",ctify lhe curren!
inequilllble treatment ofANSYS ~nd ocher u",," "rfEM technology and will implement S""lion
I. r307(b}(2) in a mo", lechnologic.lly "curral f4:lhion. See 1" Ille Maller of&1';"io" ofth~ C"nml~siQ"'s
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Rules /0 Erzsurf CompaliMity ",itll EJ<j,,,nced 911 Emergency Callin!!, Sysle,m, 20 FCC Red. 7709, 7714"
15(2005).

ANSYS ha' Slaled ils waiver reque.t "",h darity and has accompanied the requ~'l with
supporting dala. Under Ihese cireumstances, the Commission <houid follow prevailingj"d,e.. i guidan"e
Ihal "a gener;J1 ruk deemed valid because its "ve",ll Pllje<otiv(.; are in Ihe pubiic inleres!. may nol be in
Ihe "p"blic inte",st" if eXlended 10 all applicanl wh" proposes a new service Ihal will nol ,mdermine Ihe
poliry. served by Ihe lule, Ihat has been adjudged in d,c public inoore~!." WAIT Rnd;o v. Federal
Co",,,,,,,,;cOI;ons C(JWlmi,,,ion, 418 F.2d i I~3. 1157 (D.C. Cir. 1969). ANSYS has demon3trllled il ha< an
equally sound rechnological solution 10 fulfoll the public purpose fm which Ihe u.., or FDTD modeling
lechniques wa~ originally rec<.lgnlzoo in Ihe Commission's Rules. L'nder Ihese circumstance., special
circumslances wamml devi.ting Irom th( general rnle in Ihe public interest. III I"e Maller of fnlel
Corporalioll, MOlorola, Jnc. TiVo, Inc'., M~morandum Opinion and Ordel. DA 10--10'14, releaoed June
18,2010 (Mooia Bureau).

Conclus;on. Tile ",rognilion ofFOTD by name, 10 Ihe exclusion of Oilier modeling lechniques in
Seclion L1307(b)(2), wa. aCCllmplished <>n Ihe ba.'lis ofa deficient administrative reoord. The
Commi••ioll now has the opportunity !O miligale Ihe ..nee.. or titAI procedural shonooming. G,anl of
ANSYS' request for WAiver 10 penuit the usc ofFEM modehn~ lechniques for Rf exposure evaiu~\iorl

will /II.hance, rather than fi'ustrale, the underlying. puspcsc of th~ Rule, and will benefit the publ ir inl~!C"J1

by exp.llding Ihe univ(rse of suppliers ofmodelin~ lechniQ,u,,, Al Ihe Same lime, it will ove""ome Ihe
inequity Ih.1 Ih. currenllanguage of the Rule fosr.ers, ""d will advance technological neulrality. For all
Ihese rea,on., ANSYS' reqllesi. for waiver should be gr3nled.

Sillce",ly yours,

'D. 'D g.c:?:::=,
Delbert D. Smitit
Coun~el for Ansys. In".

Atlachments (as indicaled )

ce: JIlIIllS Knapp
Bruce ROIMn"
Ed ManlipJy
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ATIACHMENT B

Lileralure ~earch

lhe follo .... ing summarizes the industry lilt'rature demonslrating FEM's recognition lIS a
comput3lional modellng tool of scientific value comparable 10 FOlD for human RF exposure
tC511ng purpo~es. Copies of each of the following Identil1ed articles and application notes are
JlIll.lOhed.

Exhibit A: "Au Intemlllional Irlter-lllbor3.1ory Comparison of Mobile Phone SAR Calculaliorl
with CAD-based Models." draft ar1icle in preparatioll for publication in an upcoming isslle of the
IEEE publication, TranS:l(:tion~ on Microwave Theory and Techniques (MTn. Dr. Vogel j~ a
co-author of this soon-to-be-released :lMicie comparing the calculation of head phanlom SAR for
three mobile phone brand~. The geomelTics art' realistic and complicated (sec e.g. Figs, I and 5)
Fig. 7 compares the re!lults of Ihree differenl FDTD-based software loob and the Finile
Element Method (FEM) bll~ed 80ftware package HFSS. HFSS i.1 Lab 10 in this figure.
Significantly, the >lrticle demons1r.ltes that FOTO-bllSed simuialiurl models produced a range of
diverging results, while Lhe FEM-based tool produced Jesuits well .... iLhirl the range or FDTD
results. It can be concluded that the finite-element software produces result, at least as accurate
JS FOTO software for average-SAR computations in a cI'mplicaled BfId reali9tic configuratiou.

Exbibil B: "Towards the Validation of a Commereial Hypenherrnia Treatment Plauning
SY9tem." 1I.1iI;ro....ave Journal, December 2008. Once Jgain, Dr. Vogel CO-Bulhored thi, analysis
comparing simubtion !.estiug and labomtory meJsuremenls of hyperthermia mdialion in the leg
of an aclual cBflcer pBlicrIl. The simulations were done with HFSS coupled Wilh tholllJ<\! firli\e­
elemenl software. HYSS il specifically idcnlified liS Ihe simulation 1001 in lhe di!tus8ion
following figure J, which describe, how Ihe CMm:er trealment is simulated. This diSCUSSion
expres~ly addresses how simulatioll clln be used 10 BfIticipate the SAR effects of treatment Of
partkular intere51 is the comparison between finite-clement simulalions and meuuremenh
Iho....n in the "sidebar" at the ~nd IIf this article. Here, meJsuted BfId FEM simllJJte.d
temperatures of the subject tumor, reslllling from dectromagnetic absorptiou by m-vivo
helerogeneous hurnBfl tissue, are compared. This comparison demonstrate~ thlll lbc
measured und simulated tempe.... lures closely I....ck one auother, pal1icuIlirly ulter 12
minutes inlo the experiment. Thl$ demoustrn!.es the validity ofFEM lor eleclromagnetic and
lhermal simulations in complicated and realistic heterogeneous human ti~sue.

Exhibit C: "Generic Phone SAR Comparison," October 17, 2008. This prc:3c[)[3.[i"n to an IEEE
Commitlee On electromagnelic 5:lfety demonstrates the comparable S..\R re~ulls achieved by
HFSS and a number of FOTD-based simuJalion tools for a geueric dual_band mDbilc phone, held
in a couple of difTerent positiolls. Thi9 demonstration represents a large num ber Dr simulations,
because each simulation was employed for two lrequencies and fDr lWD p03itions in each
frequency. Rdcnncf to AnJuft (a fiubsidiary of ANSYS respousible lor Ihe development II(
HFSS) in this compariJun il tu HFSS. Again, the preseutation demonstrates the spread iu
results for a wt"ll defiued model, even within the fllmiIy or FOTO tools, produees a sizable
uncertaiuty at bolh 900 and 1800 MHz, Thc FEM re!luILS agree closely with the FDTD
rl'8ults.



EJOhibil D: "Strategies tor Elfecthc US" of EM Simulation ["or SAR", presented at Ihe 2004
Intematj.:onaJ Symposium on Electromagnetic CompatibiJit~ (Vol, 3, pages 864-867) by two
Ansofl engineers. This paper locuses on II comparison of rEM simulatiom lor SAR not only
with FDTD lools but also with laboratory measurements This was done ~ilr the configuration
shuwn in Fig. 2, which is aJ', often-used ~tandard configuration by mobile-phDne manutacturelS.
AI IhDwn in Table 2, which Ints the input impedance "s"en" by the iloun:e, the ail",ement
between HFSS result, and mnuurem"nt!! is guod, g"nerally doser than Ihe rl'briunsbip
betweeu FDTD and mea!luremenn. [ndeed, HFSS result!! lin: more accurale i" Ihil cue
IhllD FDTD rtlnhs.

EJOhibil E: "A.Il~ofl HFSS Analy~is of Specific Absorption Rale for Flat Ph;mtonl Measurement
Stalldlll'd Outlined in IEEE PI528-2002." Thi~ is ar. internal Ansofl application nOle that
compares FEM measurement~ with actual laboratory meaSWl:ments, this time for a nat phantom,
another standard configuration oflen used by mobile-phone manulacturers. As elln be sun in
Ihe fir!ll twu plu~, the mellsureOl~nt ren.lts praetiClll1y cuincide ... ilh the FEM n:!lul~. fhc
table on page J oonrains the actual data ilJustraled in the plots.

Exhibil F: "SAR Assessment in a Human Head Model Er;posed to RadIation from Mobile
Phone Using FEM", presl:'nled BI the 2002 IEEE Internalional SymposIum on Elew\lmagnetic
Compatibilily (Volume 2. Pageg 662--{i66), demonstrates the vaJidity of FEM for the appli~ation

of sp~ciflc absorption rate (SAR) in heterogeneous head mDdels, for radiation from ceil'Jlar
phones, by companr.~ with laboratory mell3wements and with independent resulls publishoo by
others (addressed in the document'~ references). The authors used realistic material properties
for ~kin, bone Bnd braIn tisS\Je as list.ed in Table I (1',663) for humall subje"ts and Table 2 (p.
664) for lhe cllse of mtg. Table 3 lP, 665) compares F£M resulls with indeprndenl analytIc
resulls for a homogeneous case, and Table 4 (p, 665) compares FEM resulls with in-vivo
measured resu\t~ ror rats. Again, ev"n in the compliCllted hrtenJgeneou!l in-vh'o ~ale for a
sophiSliced, tbree-Iayl'r ntodel presenll'd in Tlible 4, Ihe finite-element 1001 provided
accunle SAR results (approxiOlalely J5% difference). In this case, tne FEM modeling tool
WilS not HFSS.

EIhibil G: "Spatial Distribution of High-Frequency Electromagnetic Energy in Human Head
During MRl: NwnericaJ Results and Measurements", IEEE Transactiong on Biomcdi"a!
Engineering, Vol. 43, No. I, Janu"J)' 1996, pp.88-94. This analysis. parlicullirly 118 illustrated
in figure 4, demonm.te~ the validity ofFEM for heterogeneous tissues in electromagnetic fields
generated by RF MRI coils. MRI imageg of rhe head of a hwnan volunteer _re Uged to
construct /I computer model of the geometry of the head, including it~ imemal heterogenous
slrucmre. Subsequently. simulated MR fields in the head were compared with tll.: m"ll3ured
fields. Figure 4 !lhow. lin example or Ihis cODlpnrison, in which the .intulated resulb in
figure (a) and llle nte\UDred resuln in figllre (b) d"OIontllllled .ubsrunlialagre"menl. The
authors of this anaJy~is agree that the comparative result~ demonstrate a high level of agreement
with one another

Fimlily. II search for HFSS, ANSYS' finlte-elemcnt based simulati\ln tool, in the IEEE Xplore
Digital Dalllbase yields more (han \00 hits annually in recem years, indicating that lhis 1001 is
widely u,cd in the engin"ering community lor many electrornagne'.i.:: appli.::adons.
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CCl\1IfIIllM lirrnl!olion of~ field! IIlld SAR for
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pq], 1IIoc.'l'_ ufl!lo iIonl' en""""...... 'o.........,.

1be oomplc>:.ity "flM CAD mod.1I repnsenting lb. p.oa.
devi>:a' .. som~1t d1Il'aIut: ia lM N~1da modo! lb.
~ cln:uit lloonl (PCB) " modeled as a sandwich_
of dIiII 'koeD ~f melBl ODd dio'-le wU"" wh..- III tM
M<*lroJa nnd S·E ph~llIIlIlOdor. .... mBlal~owIld repmoa"
tho PCB. Furthormora, ill dIO NoJdIllllOdol III wmpml""," <II

tM PCB ..... inolWcd AU l!Ireo pb<mo Ol<ldclll bo.,
1:n"'1V"Iod plldl 011_ ia tho !Dp ba'* IIide pen or lb'
cloolca. Th• ..,lClW. In !he Souy.Erio:!,,,,, plum. "'odel I." n
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IlIfIlr;\oQlly oDlllpl." III _ ~ .... DIll be dr...., by bad b1!he
.Iac:lrtnnagnl:l!c ..,10.... 11 ku In be lmporud lid.. 1II.. This
porte CAD modo] ;, ,,,",,,," w~ 4.
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4_ CAD ...odell o/",obll.p/toIw
FllI tIIo ilIIer-labora!ory comparison, CAD lil.. rqrt=tinS

t!Imo diffi=ll oCllllIllCtl::iolly availilblo lllOl>Jl, phone modi:Ii
were providOO -" by Motorola !no, N~kll OY md SOIl)'
Brimon Mobil. COIII!IlualoatlOlll AB (Sco FIpl:a 1,2 aocI
3), Th. dlelec1ri. pII'lIIlloan ofthe JIIll!oriaJo ~flM SAMllIIBd
pJuUlIOm m~<k] were lb. iIIIonIIOOaal !lIIlIdard parwnmn.
Thoo p<nm$l1 !ill' lM mnteri.l. ia !II. phon~ m<>deb wtl'e
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r.......' .. tM modela lIIOd in I!It !nlel'-Iabonlory """'J'Ci.....
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Sin•• it is only • 'trft\rEIRl model wi'IlIwt ""Y "'"' phyllosl
roprNOllIIdlou. ll<I mCUllRllleDl SAR d!llll .... bol ~btlIinc:d. ~

WI~ III l/l.~ IlOIIlJ'V1"aI a nwnb<l" of
!he parti.ipotio~ labMlotIoI oll1oulllfed SAil valIl&s for tllla
modellO be l~ppllOlf Ill. tbe IEEE In83 mndarlIas nfwenoo:

""'"

Pl, 1. TboCAD_ol .... _ .. "lO ...._.

Fl.'" 1IIo~<:All_lIbr' 1"••"'''_'''''' '1iEE '1;llJ.-
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Plio 6. Tho CAIlIllOdol oflbo S<lII)' _ WlIC ...... Illll' dllU ....r
1bo.uM~ In Ibo +11" ~Il"""

m, ReS\JLTJANlIDlSCU8BlOll

In 1'J&tn17.' IIIId 9 tho oaIcu.l... 109 a'""'"ll"d SAR
""",II! fur oJl Woo phooo modoil oro presenleId .. pen=tago
ofthe mean nsuh fur .aoh IpCclfic <:aIcIlIaled setup, i.o. pban.
model, lRqueIlcy and. poslIlotl III lbo BAM All SAR resuIlI
"'" 1IOI1Il.1iz:od 10 tho lO'\ll'OO 0IIlptn JIOW"I". I!veo lbough an
labolidOllw obllllned the Ib100 CAD modoh ofm. p1lOa.., for
vorlou. rfIllOOrD • tl:Iv 1.bondorles ecuid aal)' pRKIuce 8AR
""'alb fur _ 01 !'oWu of 1he modalt. Laok or 1lmo .....

~owd "'"""""'" IVU lbe Ill"" a18Pi1\oIwl "'"""'.
Somo lab<nmri.. II:JlIINd probl...... in IInpor1ing Iho CAD
m<Jlirl .. a ......, for I>Ot bcing oblc m oompl"'" caloa!11iml.
"'"' ltdlllb lbey uaed tbo oam. IIaflwara .. 0lI..- ""'" that
___ ttl complore all caJwlll!lans.

Farlbo !lAR ro_ willi tho Motorola pb,ooe mode~ .... in
flguro 1, "'" _oriall<m __ tho 1abonIIui.. Is 1llgb« fur
lba 1_caloal&led m:q,,"""l', I.•. fur 915 MHz. than Ibr "'"
Jtiahar hquoncy, For the Nom pb_ modIol tbo varilIlI<m In
!lAR io ollghdy bll:l* fur llIo bijb IImtd >imuJoliono, ..._
ill Figure 8. However, Ibo "11'=""'" II Yoty cood fur tho
902.4 MHz lh:queDcy aDd lb. cIIeek pbO\lC pooir!<m wn 011
remtlIs ... wiIIlirt IS% or tho Thill ill~
surprisiog comideriDg tbo blpor pDiIy of !be Nokia
"""dol with • mOl'O detaiJcd ~.1alD> .,( tho PCB. TIul
variatIoD b_ ltIo labonIlo>riea ill Ibo SAR roaub fur the
Sony Eric"""" phono modal .. limilar fur both computed
coni... fro"""".i... Tho 1DIlX1m"'" rolatiw rtaDdanl Jevlati<m
fur 1he Motorola phOIle llIoJol SAR mullll it 30%. Fnr tho
SARresull! obtaioed willi 11>0 Nokia iIIld Solly Eri"""", phaae
medell tho conapondiDl; moximwo l1l.Illl... 8WKIord
oJevloti"'" .... 20% IIlId 2.1%, I'U)llIl'Iively.

,,

B, CompulatltNIaleI_~ IrJftwan
Ten IllbolOlUib C<lIIduc:ted lIlo calcuJatiaa.. in a bl",d""",Oy

manner, with five dlffi>RaI """"""",'ally available ..,ttw.n
p0dage8; CST MICROWAVB STUD!()IIl orul CST
MICROST1UJ'ES"' by CST AG, SEMCAD XiRI by Schmid ""
_or Eqm.ering AO, XFdtdiRI by R<:moom IDc IIIId HFSB
by Ansofl LLC.

CST MICROWAVE S1UDIO [TilllUlllll add I.e>;t].
SliMCAD X i'I • .,,'vasaI 'lmuJOlIon plulfom> wkb • higb­

IIIId ACISIiRI \lIucd "<Odel.. CAD lmporlCl' IIIId grupb..a1 user
inlCl1ll<:e (bI.hOll"" ]-0 OpmOL n:nd......) dud. inlbg,"","
~ari""" ..I~ providing RIlM ISo! bill'unclicmallty, oudl ..
fuD.w.", EM ...Ionw (C.PDTD, C-ADl·FDTD, '*'-~ !'EM
baed Ie.... hc[uelIcy llIld 5lIdc SQlvm, th«mal ....... liIr
J!Iin """"""",... VCSI!Illl tnl"" etc., wupJod lui....... aol·
sprce <:ircull solwr3 8Ild • GA booed~ p!l:lfoml.
8y <:omblllillg SIlMCAD X with Acc.I.......'. [4) lslUl
N~idll OPU CUDA) build bigh performanne IJ"lM" .a.g,
tho Cll>IIcTlnABos: (ClB), .im"Jatic.. caD "" pcrfimaod
multip.. hllDdn:d IimeI rmrter than llII a 00_ drakmp
lI'lultt-p"",,""nr madliM. FlnalIy, • poslp....-in3 cnsino IIIId
~<m ..rtpclDg alIow8 for ....ull .u...tloiltvlBualimlioa
(Ii",.. ."d flcqI&cncyodomaiD, DoaNfar.OaJd) and """""1Illan
mglOlmll.

XPdI<l la • ...tlwaro 1<>0' b-.l "" tho Finita DlfIlnn""
TLm. Domain mO\hl:ol. FQI' lI\iI oIoId), a van.blc ",e.bing
algarilhm la wed ....bIcb In..... 111. _llltio:a fur """"in
pmticla. of the ll"""'dJY lObiI' ponIIilllllg "'........JurIun ill
alb.. I1lgI<mJ. lb. Xfmd """'......00n0l <qine UJe3 nni.Wal
perli:cd)o mllldu:d Ia,... II I!Io llDII!f _ .. IIlId hIIrdware
aceclmIlIua fur incraIcd pcnmm..... lht IOllwart ......
cDitam-deIIlgncd edll!Dg blmrillu bllllt On !up .,(!he indulby.
'lBIIdanl ACIS graphical lDOWt.

HF99 emplayo cdl!l! b J veew I1nb oj_ill 1m III
IllI$lI'Uel\lJ1 mesh. TIul mesb dementi .... of ""''''ul>ilbrm
.ize, :omallln~ wIIb small Jetalb, lIIld up 10 • aizable
frctIw of lbo local waveiengdl in \ID1foIm l1lgkm. Th.
implemenlalion of the finile.olemem me1hod 0DIPIOJ"
b~ baa lUnctiona, which allows clements 10 be ..
10lp .. !WO-llIlrW of. WlIve!engths fur 1he higbost-emler bait
funo;;ti""" ;" ""ifo"" rogiom&

C. Q:/eoJ_

eall:ulDlklJl, of radleled eIecuwDugDolic lieldt rrum the
pIlone models "m conduercd III lm-_ IIIId "bOIl tho
",0><10" w.... poslc!ooed al tho 1Igb1 _ of ltIo _&tdIud
SAM IteaiI pIl!llllllm [5J in tho d"a KId +IS· iiI! pbooo
posilioa.. Figun> 5 IIIId 6 """"" Ill. ~I>I of tho pbooo II!
the SAM _ pb"""",,_ SAR,.~ power .. ltIo bOld
pban\Ol1l ODd so""", impodaDco \VOl CIlI<;uIallld OIlma .....t1.
frequency ;" both tho 900 MHz ODd 11100 MH.r band,. Tho
bellclunarl< CAD model "oo caJwJ.ted fur me """" teft
poailiuna ... ltIo CAD "'odol, oflho r-..ol pbooa,
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A nlDllbor of submitted valulll deviated 50% or Ill"'" lium
lbe IIIOIQI .....Im ond "".ld 1hI>II be e<>nIldmd as <lIlI-Jayon. A
detailed lIIlaly5il was llCJIl<IIIc:lll '" order to Id«rti!)'!be l'IUOOlI
ror tIu:Io oul-layios val .... m- llIey would provide ""1
valuable inpIIt lIIlhc drafltns ofstomdWlzc:d procedmeo. 11>0
OUI-Iaym CCDlIdeJed in this IIllaiyJIs ore lIIe fullcwlng VJhIeJ:
the vakle lRlm lllbuntory 5 fur!hll McIorula p!Ione for the hll
plicae pcslIica and 91 SMHzcarrler~, the vw. Iiml
lobcmmy 7 for the Nhltia model for!hlllill po,ilion alld. 902.4
MHz ftequency ond 1IIe labc<elury 6 nlue ror lhe SMy
llri=OD plume "'~ fur lIIe ell" puoIIIcII qd .... 891.4
MHz~.Aho b<nIr. &-uno tilel&bmlcry 7 fur
tile 897.4 MHz lhquouey ""IY low CCIII~...-cd llllbc: ~th...
,~mulllllld <:wid be OCIIOldend .. OU!,!A\ItB The
leborwIcIy 5 'flIIue dev\;lloor -"cuf el'lfl w... Ill. -"'161\ multll
wbidl iJ the Iarpof devlllllcn olr>orvo<I. All in-dolptb ~Is
","",,'<led by 1abmIory iaoIr <Jl" 1be pid IWId ill. lhb
<:a!<:lIladuD JIwwod 1IlIII1IIe grid arouad "" .._ bid '-'
IIIUIigrxd Ilea ........ £I1d Jh:p by "'I MlIIlbc pld IIIIp
WIll .... lW lIIe SAM I>bmum 1bb pid _. b.t
lUIinla1tiaDolly pn>pIpIOlI W die "'Pan fImOIDIdina !be
_ M.., • fiJI.. p1d WIll 'load for Ibe "'-lIIld
the oelouloliOll~ • SAJl ll!f deviorina caly ~3% fiuIII
ltIOlIfI .... oI>Ia1Ilod. 9ionilarly,l~ 6 0110 f<>und IbIf I
lOC 0<>Ine ¢If IIlIp hed '-' llI/Ol rOf _ WiIIllilll grid
all:p the PI' l>et..--. tIIa IMiIl lIIl_ cJ_ """ tho
para<iti••1eaI1IIlI _ nnIy mudrl.t wid> OIIe pill Ilq> .Illd

lblll tho ....,..mol .......... "".....'" i/o Ill, gop w_ nol
<:a!<:lI1aIDd. FinIlly,~ 7 fclUld dun !be tlovhn:lng
v...... it hod NlmUIltd. lW the 9cay Erbsun pbunc model
--. duo lC • Wftln8 JetlIns ofdle dioleclde _ mille
&AM ilOIld plIentmn. ill "",",mimi, !be OIf1-b.)'I:r VlI!u m:
!lI1I! .!!her duo 10 I ICC 0<>Ine grid-Np ohooon lW 1IIe IlIfBrwD
or o~"""'""", in.oming IlIe lllllleriol pat8IIIelI:rw,

00", .......... of dlwillioon, iodud<l l"',iIioning ..",.. of !be
phOlll ., tIIa phao_, ,UIItal mod.l Jlarpli6cali...., lOO11lion
m rimal"""" bollUldlrieo .Illd IllDDOricaI n>elbod
"l'P,.,inllmo•• If\mlllll cmn CIt! "r _ ahJu be !""""'I
COIlOidariQa !lie hJah otrIl;lllftily of !lie CAD modell.

"... """"" "... "."", ".

......... "".'.a- ,""" '"'l_h__on

•
~1'", ,.
J~

......~ ....,., ... ".....a- ".........
11~__III""

~~ 1, Th. 100SAll """.. "" Ill. ",,,,,,,,,'..llG 1"".......... in-'of
<11< ...........,,"" • .10 ~I__~,

&oR.- "'" lJo. " ..... • _ ,"""01

fill. i'io lDlSAR _li>' ...._.lDIOpllooo_I._~
..........,!l>t _ ...""__._

Fig ~_ lito 103 SAR , ". for S<n<y _ W!JO pIl_ 010<II:] i.
_of "1Ilr..'II ""IIl<d~....

A Cnm\IIative DiIIlribution FunetiOJl (CDF) .... computed
for aU lh<l doviations from lh<l mellO SAR =tIlm and Is MOWlI
in Figure HI, The 951J1lfCenlile i••bouI41i% fur both the Ig
and 109 .".,..ged SAR nmtlI8. The wriallon for !be MoIort>lIl
and Solly Eri<:s!l0JI modors ano higher 1h!Il fur !be Nokia modol
P='bly indiClJling a killlw .on:.itivity lD dlffeten<:es In lbe
,i",uJatlOd PIlrlmCll:n iIICh as moshing, .imulalloD tim., ele_
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I'll. Il. Tho HI; SAIl _ ....... _ CAD "".,_~ IDr
_ '''_'''';0 'w:IIIID.l Tho.- .. 41",_ .. _ oriIII__,r...__~

A qlOOOlion etw i. of ..,.... ro,"iUIC in "" e_ of ....
eondII..., In\I:roea,,,pulI,,,, i. ~a... '" <IlIealute SAlt """II!
"'""IB" 10~I "'-.........c raIl!u fat lbcI lIIlId
phon1o modllls. 1"bIII qII'lIOIlaa !Ioo in prilocipIc n<Jl be'IIII
8ddnaaI daI;lI. llIlIDtu <If sIlnpllfi~ ..... m.o<ll '" lhe
noed CAD modllb ODd !lIoy thlro ..... 1II111' Rip..ti,! lbo mJ
de.iee. AoiIlIloaaIly, ODd ",eo, ialpcrll111l, .... diIeIeecrie
pIIBIlIOIerO for IIIIDII <If lb. pIuI1e pIIllI <rf. "'" modele .....
llII:dgDe v....... Ib.D ..... /BbIl limn 1;_ ...... lbea
......1 vaho:Io r." tile.. 1IIOIIIriooI••

--~~~--_.._~-."', .....- .L," ""'"
i!:"" .........,

I.,.
i:

"

lV. COI«:W8LGloI

lb. 8gI'IlOnaI1 in eol...1ilIecl .!l.AR beao-. tile pordoJpotiDc
Iobormmlo> ;, vory ,Imilar I() tile a_t:IlI: olrIoimd In ........
Iol>ormvy """'....- 1n..,lvbtg S.\Il ........-. Thll
........ thal "'I""'!"e,l>le """Ill m po"ibla In olnalD ...d it
1II<lIiw,. lb' lIIr1hlr do"C!opmorrc of otaoo:lerdizal pmcedura
fur nUllll!rlelol SAIl. le!Iting of mobila pilon... &nireeII ro, I!IoI
oboelved devisliwu h... been id""dfied ODd
"""'''''''ondBtiono <lII ho," 10 do.l wi'" !hem .. pm of lID
...........ty evalllation wiD be lIIehldul in tho lEE!! 1528.3........

l~~.. -.,... - ....--,.. .......,
- 'c... -.,

-_..,..- ......
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All OIl addililIlUll pllrt lJf "'" mtt-Iayu _yd. i! .....
~idul III produce """"'" polll' impedanco III <U'1kr III
""a"""" lbe 0."",11 quolity lJf "'" grido ullCd, 1be b)'Jl<'lbeois
WiIIl thal if lbe eolculoted FOID gridll eauld produ~~

",=- polll,lmpedlmea TOSIIllIIlO'ilk good ogmmIODI """""""
"'" Jobonugd.. ""'" tbo lIAR l'IlS\IIlS WI>IIld oloo ...,.. good
.greomen~ In olI>er words, to bmlstigotc if IIlcro i> •
""""Iotl<m botw..., tho lmpodan.. """ SAlt n:nlll- 11uI
praccclurm for lhcoo addilioDol ealclllotlons ""ro ,u"", Ib.D "'"
gricb usod for 1IIe cheek pomion 3lmlIlatkms were med but
wilh-Iho lIIQlerial p8I'lIIl\Olm for !he SAM p/>odIOm HI to air
iIIrIaId. In lIIot way tho fiw.opaeoi~ was oblalDed
but W!III "'" IWIlC gridll .. .lIOII for "'" IIe3d plumwm
oJlIlIlIlllianI, FlIu:e 11 ........ tile ~OILI ..... IIO\IIW poiD! III
ill dB Ibr tile -..10 pIlaua Ill00.L It. I. door 1baf tho
illlpcdDec """lis ell"'" • ~Ic .oriBti"" Ib.D i,
dll'liOllll" III oom:Wll III !he SAR ,..,11111 10... ill Figure 1 for 1110
900 MHz booId ,OnuWiwo.

On tbo olI>er hand, ID FiguRI 11 tho bnpedarn:e """III ror
!he 900 MHz blllld for Ih Nokia plIoM lIIl1do1 aro pr=1Gd.
H.... lIIe ogtllOIIIlIIIl in ealeIIlalod III !II very good botweea the
p!iltleipallDg Iol>aratoriel. Also tho 8peJIICIII ill SAlt bcIlwcon
th""e IabontaJie;s wOO 00" mbmilled ibis lmpedaDee dIIla Is
remarkably goad. nuS, &onllba restlllS ob1alnod it """ llOl bo
<:IeOlly CllllCludui wbe!b Ign:o:mmI in impedonCll ..... 11
I""", ro ",m.istent IlARre .

Finally, tho SAlt renIIs fur !he bCllehmBrll CAD JDoo.l ....
dioplaJ'lld in FlIu:e n, All ....., in tile figure, !be lIgRlOIIIonl i'
",m...kably good. na lorgen~ limn IIIeIII 1, """'
about 20% wbieh is _II in lin. wid! de>iBtiono """"ally
observod in SAR IJIelIiIIr<:mea no """III obtalDed wid! lblo
benellmark model .lIow tho kind of ogra_ ~ mDlll

"""'ably ean be obtained In eoIeu!aioa' vriIb I lUI """""
model if IIondurdlzed praccclurm m usod IIIId ""'" boo .....
ldI<oq ro avoid Iho eJtOllI Ihot oocurred in !he previ 1y
desol'lbed illIer-<:ompllrison wi1h CAD models lJflUl pIIonea.
ie i. th., ogoin proven thal reprodlloible nmIlla pmibl. ro
obrUl moCivllliJlg !he de~Jopllllllll of dardized,.......
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Towardllihe Validation of a Commercial Hyperthermia Treatment
Planning System
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